guiding can avoid radiation diffraction in such small beam systems, but only with a further increase in the requirements on the beam current density. It is noted that planar superlattice crystals with a 0 periodic structure of the order of 100 A transverse to the beam propagation can be useful for radiation guiding.
I. INTRODUCTION
A relativistic electron beam propagating through planar or axial channels in a crystal free of imperfections may populate bound transverse energy eigenstates. ' Spontaneous dipolar transitions between these discrete eigenstates have been shown experimentally to yield narrow-width, highly polarized, and intense x-ray radiation which is strongly forward peaked.
Previous estimates suggest that for using the channeling mechanism as a coherent x-ray source in a one-pass amplification scheme even modest gains may require very high current density in the range of 10 -10 A/cm .
An efficient scheme to significantly reduce the gain requirements for a channeling x-ray laser was proposed based on the concept of a distributed feedback laser (DFB), which is supplied by multiple Bragg refiections of the radiation.
The advantages of using DFB lasers includes the high degree of spectral selectivity with low gain per pass without the need for cavity mirrors. The radiation tunability is obtained by adjusting the electronbeam energy so that the Doppler up-shifted radiation can be tuned onto a line in the DFB model spectrum near the Bragg reflection frequency. These mirrorlike structures have the possibility to reduce high-beam-current-density requirements to the range 10 -10 A/cm . Highcurrent-density beams (10 -10 A/cm, dc) with very low emittance have been developed for scanning electron microscopy.
In such systems the electron-beam source is a field emission type with very small beam radius (10 A) and thus with very low total current. The total current is limited by the requirement that the beam, which is dc, should not damage the cathode. The beam emittance is about 10 rad cm, which is about 3 orders of magnitude lower than that for the best conventional electron sources. The beam expands after emission, but is routinely refocused to 10 A/cm with a magnetic lens. 
. CO c where e"and P" for q=+1 are e+ and P+, respectively.
Here k = m/c and the second-order derivatives with respect to z and t are ignored because B e/at ((noae/at and 8 e. /c)z « kc)e/c)z. The diff'raction eff'ect in Eq. (4) is represented by the transverse Laplacian V~. Equation (4) (7) g+(
where g (x,y) =0 or f (x) =h (y) =0. The coupled set Eqs. (10) and (11) B~e ", x~a (17) where Im(p") )0 in order that exp(ip"x)~0 for x~ao. ' Thus, for pp-10 cm ', the threshold gain due to absorption can be reduced to the order of 10 cm
The real and imaginary parts of a" in Eqs. (27) and (28) are the mode contributions to the selectivity and threshold gain, respectively. In the following, limiting values of a"are considered and the conditions for radiation guiding in DFB x-ray lasers are derived. The closed set of equations (19) - (21) 
e'" '(p, z) 
The coupled equations (25) and (26) =0,
n tan(a"a) = -i~n (36c) with the guiding condition Im(P"a) ))1. High-current-density field emission beam sources (10 A/cm ) with very low emittance (G10 radcm) and total current (10 nA) are dc sources used in scanning electron microscopy. In order to achieve an x-ray laser based on DFB scheme, it is interesting to consider an accelerator with such an electron source. If the source is pulsed with a pulse length of about 10 nsec, it is plausible that the current can be increased by a factor of 10 without increasing the emittance.
